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I. Introduction
The Feldstein‐Horioka puzzle is one of the six major puzzles in interna-
tional macroeconomics (Obstfeld and Rogoff 2000). Domestic saving
and investment rates are highly correlated both within and between
OECD countries: in countries where and in years when saving is high,
so is investment. This fact seems incompatible with the intertemporal
theory of the current account. Assuming perfect capital mobility, such
a theory predicts that the determinants of saving and investment are
not the same. Hence, countries should borrow and lend abroad when-
ever they need to invest or disinvest, without being constrained by do-
mestic saving decisions. Feldstein and Horioka (1980) interpreted their
finding as evidence of low capital mobility among OECD countries.
Although the relation with capital mobility is not straightforward
(see Frankel [1992] for a critical discussion), the saving‐retention co-
efficient has been used as an indicator of capital mobility in the world
capital market. However, in the decades following the publication of
Feldstein and Horioka’s results, capital mobility among OECD countries
has kept on increasing whereas the correlation between saving and in-
vestment rates has only slightly decreased.
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On the other hand, the intertemporal theory of the current account
fails to consider general equilibrium effects that, it has been argued,
could provide an explanation for the puzzle (see Baxter and Crucini
1993; Ventura 2003). Since the world, as a whole, is a closed economy,
world saving and investment have to be equal. Consequently, a common
shockthat,say,positivelyaffectssavingdecisionsofmostcountriestends
to create imbalance in world capital markets and decreases the world
interest rate. This, in turn, increases world investment and generates a
positive correlation between saving and investment in all countries.
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librium effects should reconcile theory and evidence. However, general
equilibrium explanations of the Feldstein‐Horioka finding never found
adequateempiricalsupportsincethesaving‐investmentcorrelationdoes
not decrease when controlling for global shocks (see, e.g., Glick and
Rogoff 1995; Ventura 2003). Consequently, a belief has arisen that the
highsaving‐investmentcorrelationcanbeexplainedonlybyintroducing
frictions in international good or financial markets (Obstfeld and Rogoff
[2000] and Ventura [2003] are two examples of this view).
This paper revisits the general equilibrium explanation and shows
that, in contrast to what is claimed by existing empirical studies, it does
help to rationalize the puzzle. Previous attempts to control for the ef-
fects of global shocks in saving and investment regressions assume
homogeneity of their transmission mechanisms across countries. How-
ever, there are no theoretical reasons to focus only on global shocks that
have homogeneous effects. In fact, also global shocks with hetero-
geneous effects can create imbalance on the world capital market, un-
less the nature of the heterogeneity is such that the effect in a group of
countries is perfectly offset by the opposite effect in the rest of the world.
We propose a new methodology, factor‐augmented panel regression,
to isolate idiosyncratic sources of fluctuations. It improves on existing
studies since countries are allowed to react with specific sign and magni-
tude to global shocks. We show that the homogeneity restriction is rejected
by the data and biases the estimation of the saving‐retention coefficient. In-
deed, allowing for a heterogeneous propagation mechanism of global
shocks, the saving‐retention coefficient drops significantly from the 1980s
on,consistentlywiththeincreaseincapitalmobilityacrossOECDcountries.
The paper is structured as follows. In Section II, we review com-
monly used methods to control for global sources of fluctuations and
propose the novel factor‐augmented panel regression. Section III pre-
sents the empirical results. Section IV presents conclusions.
II. General Equilibrium and the Saving‐Retention Coefficient
Many studies document the existence of strong cross‐country linkagesin
macroeconomic fluctuations (for a survey, see Kose et al. [2003]). This
suggests that international fluctuations are driven by few common
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mentthroughgeneralequilibriummechanisms.Suchpositivecorrelation
is not in contradiction with the partial equilibrium intertemporal theory
of the current account, whose predictions are conditional on idiosyn-
cratic (country‐specific or regional) shocks that, not affecting all the
countries,areunlikelytogenerateimbalanceintheworldcapitalmarket.
Formally, consider the following representation for saving (Sj;t) and
investment (Ij;t) rates
2 of country j at time t:
Sj;t ¼ λS
1;j f1;t þ   þλS
r;j fr;t þ Sid
j;t; ð1Þ
Ij;t ¼ λI
1;j f1;t þ   þλI
r;j fr;t þ Iid
j;t; ð2Þ
where fi;t, i ¼ 1;...;r, are few global factors affecting saving and invest-
ment rates of all countries and Sid
j;t and Iid
j;t are the idiosyncratic compo-
nents of saving and investment rates that are assumed to be driven by
nonpervasive (idiosyncratic) shocks. The factor loadings λS
i;j and λI
i;j
(j ¼ 1;...;N, i ¼ 1;...;r) are country specific and capture the heteroge-
neityinthetransmissionmechanismsofglobalshocks.Inparticular,each
variable can react with a specific sign and intensity to the global factors
fi;t (i ¼ 1;...;r).
3
For the reasons outlined above, the intertemporal theory of the cur-
rent account refers to idiosyncratic components of saving and invest-
ment rates. We consider the following relationship:
Iid
j;t ¼ αj þ βSid
j;t þ εj;t; ð3Þ
where β is the saving‐retention coefficient conditional on idiosyncratic














j;t þ ε̄j: ð4Þ
Equations (1) and (2) imply that (3) and (4) can be rewritten in terms
of observable saving and investment rates as

























fr;t þ ε̄j; ð6Þ
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i;j   βλS
i;j and δL
i;j ¼ λI
i;j   βLλS
i;j. Notice that the coefficients
δi;j and δL
i;j can vary along the cross‐sectional dimension since they are
functions of factor loadings of domestic saving and investment rates in
different countries. Assume, for example, that β ¼ 0o rβL ¼ 0 in equa-
tions (3) and (4); in that case, the δi;j’so rδL
i;j’s would be equal across
countries only if the λI
i;j were equal across countries or, in other words,
if the response of the investment rates to common shocks was the same
in all countries.
Let us investigate the consequences of equation (5) and (6) for the
methodologies commonly used in the Feldstein‐Horioka debate. We
argue that, indeed, all of them are not robust to the introduction of
heterogeneity in the transmission mechanisms of global shocks.














Temporal aggregation averages out from the data short‐ and medium‐
run fluctuations. Therefore, the long‐run regression (7) is able to control
for short‐ and medium‐run effects of global shocks on saving and invest-
ment.Ontheotherhand,timeaggregationdoesnotaverageoutthelong‐
run effects of global factors. Whenever these effects are significantly
different across saving and investment rates in different countries, the




   þδL
r;jð1=TÞ
PT
t¼1 fr;t, will not be captured by the constant term μ and,
hence, will be contained in the error η
_
j. Since observed saving is also af-
fected by global shocks, the estimation of βL is not consistent.
Estimation methods alternative to the long‐run regression of Feldstein
and Horioka have been proposed in order to investigate the relation
between saving and investment rates, and, invariably, they end up with
results that point to a high correlation. Let us start considering the
consequences of estimating β by a “baseline panel regression” or, more
precisely,
Ij;t ¼ αj þ βSj;t þ ηj;t ð8Þ
when the data‐generating process is given by (1) and (2). From (5) it can
be easily seen that the error term ηj;t contains the common factors and is
correlated with the regressors. Then, the estimates based on equation (8)
are not consistent.
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adding time dummies to the baseline panel regression (8) by specifying
the following regression equation:
Ij;t ¼ αj þ γt þ βSj;t þ ζj;t; ð9Þ
where γt is the so‐called time effect.
4 However, this method is not al-
ways appropriate. In fact, comparing equation (9) with equation (5),
one can see that time effects can properly capture comovement only
if each global factor has the same effect across countries (i.e., δi;j ¼ δi;h
for each j, h). Otherwise, the estimate of β remains inconsistent. Again,
this specification does not take into account the possibility of heteroge-
neous transmission mechanisms of global shocks.
5
In conclusion, if global shocks propagate heterogeneously across
countries, the relationship between idiosyncratic components of saving
and investment rates cannot be consistently estimated by the regressions
commonly used in the Feldstein‐Horioka type of analysis. However,
equation (5) suggests that we can relax the homogeneity assumption
by plugging the common factors directly into the baseline panel regres-
sion, without imposing any restriction on the country‐specific coeffi-
cients (δi;j, j ¼ 1;...;N, i ¼ 1;...;r). The idea is to control for the factors
that affect all countries, for example, oil shocks or global productiv-
ity shocks, and that could create an imbalance on the world capital
market.
This goal could be achieved by controlling for those variables that are
mainly affected by global shocks and capture the closed economy con-
straint for the world economy, for example, world investment and
world interest rate.
An alternative approach consists in extracting the global factors di-
rectly from saving and investment rates by cross‐country aggregation.
The latter capture the factors affecting saving and investment rates in
allcountriessincetheidiosyncraticcomponents,drivenbynonpervasive
(country‐specific or regional) shocks, areaveraged outbyworldwideag-
gregation. More precisely, as shown by Forni et al. (2000) and Stock and
Watson(2002),thecomponentsofthefactormodelin(1)and(2)areiden-
tified and the unobserved global factors ( fi;t, i ¼ 1;...;r)c a nb ee s t i -
mated, provided that the number of countries under analysis is large.
Hence,weplugestimatedfactorsinequation(5),obtainingthefollowing
factor‐augmented panel regression:
Ij;t ¼ αj þ βSj;t þ δ1;jf
^
1;t þ   þδr;j f
^
r;t þ εj;t: ð10Þ
The Feldstein‐Horioka Fact 107In order to implement this methodology, we need to estimate r,t h e
number of global factors, and the global factors f1;t;...;fr;t themselves.
Forni and Reichlin (1998) and Pesaran (2006) have proposed to esti-
mate the common factors by means of cross‐country aggregates. As
pointed out above, data aggregates converge to the common factors as
the cross‐sectional dimension increases, because the idiosyncratic com-
ponents are averaged out. However, this approach may be problematic
if there is morethan one common factor. Forni et al. (2000) and Stock and
Watson(2002)haveproposedtoestimatethecommonfactors,f1;t;...;fr;t,
by means of the first r principal components. Consistency of this estima-
tor is achieved as both the number of series and observations increase.
These estimates are robust with respect to some form of nonstationarity
in the data.
6 Moreover, the estimated factors can be considered as they
were known provided that the number of countries is not too small rela-
tive to the sample size.
7
The number of the common factors, r, should be set in order to fully
capture the closed economy constraints on saving and investment. In
other words, we need to isolate idiosyncratic sources of fluctuations
in saving and investment, which are less likely to generate general equi-
librium effects.
For what concerns specifically principal components, there have been
different proposals essentially based on the ability to capture global
comovement. A rule of thumb proposed by Forni and Reichlin (1998)
suggests retaining only principal components that explain more than a
certainthresholdpercentageofthepanelvariance.BaiandNg(2002)for-
malize this idea by constructing a criterion based on a data‐dependent
threshold.
Finally, while studying in depth the heterogeneity in the transmission
mechanisms of global shocks, we maintain throughout this and the next
section the assumption of a fixed saving‐retention coefficient (β) across
countries. Such a coefficient is meant to provide an overall assessment of
the correlation between saving and investment left over after properly
controlling for global shocks; that is all we need to evaluate the general
equilibrium explanation of the Feldstein‐Horioka puzzle.
III. Empirics
A. Global Fluctuations
This section studies the features of the international business cycles fo-
cusing on their implications for the saving and investment debate. Our
Giannone and Lenza 108database consists of annual data on saving and investment rates of
20 OECD countries for the period 1970–2007.
8 T h ee x t e n to fc r o s s ‐
country linkages can be measured by the correlation of domestic saving
and investment with respect to their OECD‐wide counterparts. By re-
gressing domestic saving and investment rates onto the global OECD
investment rates, we capture about half of the panel variance.
9 Another
option is to look at OECD‐wide aggregates that maximize the explain-
able variance. Principal components of the covariance matrix of the
data have this property.
In table 1, we show that the first principal component explains about
50% and the second principal component slightly more than 15% of the
variance of domestic saving and investment rates, on average. Then, at
least two principal components explain significantly more than 10% of
the panel variance and capture, overall, about two‐thirds of the panel
variance. Consequently, the rule of thumb proposed by Forni and
Reichlin (1998) would suggest at least two common factors.
10 On the
other hand, the Bai and Ng (2002) criterion proves inconclusive in
our panel. These results show that cross‐country linkages in saving
and investment rates of OECD countries are strong. Following Forni
et al. (2000) and Stock and Watson (2002), we can conclude that the
factor model representations (1) and (2) describe our data well.
Moreover, the global factors also have a strong long‐run effect on sav-
ing and investment rates of OECD countries: one aggregate accounts
for more than 67% of the long‐run panel variance.
11 In addition, by
looking at the percentage of the variance of domestic saving and invest-
ment rates explained by global factors, it is evident how their impact
varies considerably across countries (see figs. 1 and 2).
These findings are consistent with those of Kose et al. (2003), who
highlight both strong persistence and heterogeneity in the transmission
mechanisms of global shocks. This suggests that, in order to properly
controlforgeneralequilibriumeffects,itisimportanttotakeintoaccount
that countries react to global shocks with a specific sign, magnitude, and
lag structure.
Table 1
Share of the Overall Panel Variance Explained by Static Principal Components
Principal Component
1st 2nd 3rd 4th 5th
Marginal .4862 .1639 .1098 .0554 .0390
Cumulative .4862 .6501 .7593 .8153 .8543
The Feldstein‐Horioka Fact 109As stressed in Section II, aggregates like those used above provide
consistent estimates of the global factors for large sample size and
cross‐section dimension. Given the existence of two global factors, a
single aggregate such as the OECD investment rate is not sufficient
to fully capture the effect of global shocks. Hence, the first two principal
components are appropriate estimators.
On the other hand, principal components have an important draw-
back with respect to aggregates such as, say, the global OECD saving or
investment rate: they miss a clear intuition. While well suited to assess
the strength of cross‐country linkages and to estimate the factor space,
in general they do not have an economic interpretation. In order to get
an intuition on the nature of the principal components, we look at their
Fig. 1. Domestic saving: percentage of variance explained by the first two factors
Fig. 2. Domestic investment: percentage of variance explained by the first two factors
Giannone and Lenza 110relation with economic aggregates. In figure 3, we plot the first princi-
pal component and the global OECD investment rate.
These two aggregates are very similar, and their correlation coeffi-
cient is .93. A good candidate for the second principal component
should be a variable mainly driven by common shocks and not collin-
ear with the global investment rate. For example, the global OECD
saving rate is not appropriate because it satisfies the first but not the
second requirement. The world interest rate, on the other hand, is a
good candidate because, given its role of clearing the world capital
market, it is expected to react to shocks that tend to create imbalances
between world investment and saving. Unfortunately, a measure of the
world interest rate is not available, and its construction is problematic
(see Barro 1991). For this reason we use two proxies, the long‐run U.S.
interest rate and the average long‐r u ni n t e r e s tr a t eo ft h eG r o u po f
7 countries. The correlation between the second principal component
and the U.S. long‐run interest rate is .78, and for the average of the
G7 long‐run interest rates, it is .82. In figure 4, we plot these variables
against the second principal component.
It is apparent how the two proxies of the world interest rate and
the second principal component have a similar dynamic behavior,
and, notably, they peak at the same time at the beginning of the 1980s.
These results highlight the ability of ourestimates of the common factors
to capture the global forces driving prices and quantities in the world
capital market.
Fig. 3. First principal component
The Feldstein‐Horioka Fact 111B. Saving‐Investment Regressions
In this subsection, we estimate the saving‐retention coefficient. Results
are summarized in table 2.
As stressed above, the saving‐retention coefficient should be esti-
mated by appropriately taking into account general equilibrium effects




Type of Regression 1970–2007 1970–89 1990–2007 1970–79 1980–89 1990–98 1999–2007
Global investment +
G7 interest rate
(eq. [10a]) .38 .48 .09 .56 .29 .11 .06
[.03] [.05] [.06] [.08] [.12] [.09] [.06]
Two principal
components
(eq. [10b]) .32 .26 .14 .36 .03 .15 .07
[.04] [.06] [.05] [.10] [.09] [.14] [.07]
Baseline (eq. [8]) .47 .53 .35 .51 .28 .51 .26
[.03] [.04] [.04] [.06] [.08] [.08] [.07]
Global investment
rate (eq. [10c]) .34 .37 .31 .47 .17 .28 .12
[.03] [.05] [.04] [.07] [.08] [.08] [.07]
Time effects
(eq. [9]) .35 .41 .32 .55 .23 .46 .16
[.03] [.04] [.05] [.06] [.08] [.08] [.07]
Long‐run regression
(eq. [7]) .59 .64 .46 .54 .66 .75 .14
[.12] [.12] [.14] [.15] [.10] [.10] [.15]
Giannone and Lenza 112due to the closed economy constraint. In fact, our empirical evidence
highlights that global shocks are a relevant driving force for saving
and investment and they propagate heterogeneously and with persis-
tent effects across OECD countries. Results also indicate that in order to
capture the effects of global shocks, we need both measures of equilib-
rium quantities and prices in international capital markets.
For these reasons, in the first row of table 2, we report results from the
panelregressionaugmentedwiththeglobalfactorsproxiedbytheOECD
global investment ratio and the average G7 interest rate (eq. [10a]).In the
second row, we report results obtained by augmenting the panel regres-
sion by principal component estimates of the global factors (eq. [10b]).
Results from subsamples allow us to study the evolution over time of
the saving‐retention coefficient in connection with the process of inte-
gration of international financial markets.
Outcomes from the estimation of the panel regressions augmented by
the OECD investment rate and the G7 interest rate show that the saving‐
retention coefficient is highly significant in the 1970s and then steadily
declines, becoming not significant in the last two decades. These results
are confirmed when the factors are estimated by the first two principal
components.
12 The temporal path in our estimates of the saving‐
retention coefficient is consistent with the widely documented evolution
in the degree of international capital mobility that was low during the
1970s and has been steadily increasing since the 1980s.
In order to assess the effect of misspecification due to neglecting
general equilibrium effects and the heterogeneity of the propagation
mechanisms of global shocks, rows 3–6 of table 2 report the results for
a l lt h em e t h o d sp r e v i o u s l yu s e di nt h eF e l d s t e i n ‐Horioka debate and
for the panel regression (eq. [10c]) augmented only by the global OECD
investment rate.
The baseline regression (eq. [8]) further confirms the puzzle: the esti-
mated saving‐retention coefficient in the last two decades only slightly
decreases relative to the previous two decades and remains high and
significant. These results indicate that the general equilibrium effects
provide an explanation for the Feldstein‐Horioka puzzle. However, this
fact remains hidden if the closed economy constraint on aggregate
saving and investment is not fully captured as in the case with the
panelregressionaugmentedonlywiththeglobalOECDinvestmentratio
(eq. [10c], which does not capture the effects of global shocks on interest
rates), with time effects (eq. [9], which does not take heterogeneity into
account), or with the long‐run regressions (eq. [7], which neglects persis-
tent effects of global shocks).
13
The Feldstein‐Horioka Fact 113In summary, the empirical evidence suggests that, as originally
claimed by Feldstein and Horioka in their seminal paper, the inter-
temporal theory of the current account failed to explain the relation be-
tween saving and investment rates before the 1980s. Instead, in the last
decades the relation between saving and investment has become closer
to what is predicted by the intertemporal theory of the current account.
Given the partial equilibrium nature of this theory, if we do not isolate
idiosyncratic sources of fluctuations taking heterogeneous responses




general equilibrium effects can partly rationalize the high correlation
between saving and investment rates observed in OECD countries. We
develop a factor‐augmented panel regression that enables us to isolate
idiosyncratic sources of fluctuations. Contrary to existing studies, our
approach allows for heterogeneous responses of saving and investment
rates to global shocks. Empirical results show that the homogeneity
restrictions bias upward the estimated correlation between saving and
investment rates. By relaxing this assumption, we find that the correla-
tion among saving and investment rates decreases over time, becoming
very smallin thelasttwo decades.This finding isconsistent with the em-




Data frequency is annual, and the sample ranges from 1970 to 2007. The
source of the data for saving, investment, and GDP is OECD, National
Accounts, Annual Accounts, disposable income, and net lending–net
borrowing.
Investment is gross capital formation. Saving is the sum of consump-
tion of fixed capital and net saving. Saving and investment rates are
calculated by the authors as the ratio of saving and investment to GDP.
Long‐term interest rates of G7 countries are in OECD Economic Out-
look Statistics and Projections/Financial Data.
Giannone and Lenza 114Data refer to the following 20 countries: Australia, Austria, Belgium,
Canada, Denmark, Finland, France, Germany, Ireland, Italy, Japan, Korea,
Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, United
Kingdom, and United States.
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Table B1
Coefficients on the Factors in Equation (10c): Sample 1970–2007



















United Kingdom .16** −.05









Note: The null hypothesis of the F and χ
2 tests reported in the last two rows is H0: δi;j ¼
δi;h for each j and h, and the tests are conducted, separately, on the coefficients of both
factors estimated from eq. (10c).
*Significant at the 10% level.
**Significant at the 5% level.
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1. This finding is relatively robust for OECD countries as a whole. However, some
studies have found evidence of a reduction of the correlation between saving and invest-
ment limited to specific groups of countries and subperiods (for a survey, see Coakley,
Kulasi, and Smith [1998]). Recently, Blanchard and Giavazzi (2002) found that the corre-
lation between saving and investment rates decreased in the 1990s but only in Euro Area
countries.
2. Saving and investment rates are computed, respectively, as the ratio of saving and
investment to GDP.
3. Heterogeneous dynamic responses of saving and investment rates of each country
are also allowed since some factors can be the lagged version of others. For example, a
model with one global factor with contemporaneous and lagged effects is a particular
case of (1) and (2) with r ¼ 2 and f2;t ¼ f1;t 1.
4. For an application of this methodology to the Feldstein‐Horioka debate, see, e.g.,
Ventura (2003).
5. Idiosyncratic components of saving and investment can also be estimated as the de-
viation of saving and investment from their OECD‐wide counterparts as in Ostergaard,
Sorensen, and Yosha (2002), which studies the excess sensitivity of consumption in U.S.
states and provinces. However, it can be shown that this methodology is equivalent to
estimate eq. (9) with time dummies as in Ventura (2003).
6. For time‐varying factor loadings and structural breaks, see Stock and Watson (2002);
for unit roots in the factors, see Bai (2004).
7. More formally, authors’calculations based on Bai (2003) and Bai and Ng (2006) show
that factors can be treated as known if the number of countries is larger than the square
root of the sample size since there is no generated regressor problem (Pagan 1984;
Bernanke and Boivin 2003; Bai and Ng 2006).
8. More details on data sources can be found in app. A.
9. It is worth noticing that the difference between OECD‐wide saving and investment
is insignificant since the OECD countries as a whole can be seen as a closed economy.
10. Since the third principal component explains about 10% of the panel variance, we
perform robustness checks of our empirical results in the next subsection assuming the
existence of three common factors.
11. The aggregate we consider is the first principal component of the spectral density
matrix at frequency zero. The latter represents the covariance matrix of the sample mean.
12. We performed two sets of robustness checks. First, results in table 2 refer to the full
cross section of countries. However, Korea was not part of the OECD for a large span of
our sample. Excluding Korea from our panel does not affect the results. Second,we per-
formed regression (10b) considering also a specification with three common factors esti-
mated by means of principal components. Except for a reduction of the correlation in the
1970s relative to the specification with two global factors, the results are not affected by
the inclusion of the third factor.
13. In app. table B1, we show that (i) a high number of coefficients (δ’s) on the second
principal component in eq. (10b) are statistically significant, which provides further evi-
dence that the OECD‐wide investment rate is not able, alone, to account for the effects of
global shocks on saving and investment rates in OECD countries, and that (ii) we cannot
reject the hypothesis of heterogeneity in the coefficients on the two factors.
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